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UrmRODUCTIon 

Glendo Dam, a part of the  Mi8souri Rives Basin Project , ' is  
located on the North Pl.atte River about 30 miles northwest of Guernsey, 
Wyoming, Figure 1. The &am is an ea r t h f i l l  structure approximately 
2,000 feet  long and r iees 172 fee t  above the lowest foundation. b c a t e d  
near the righti dam abutment is the spillway which has a maximum-discharge' 
capacity of . lO,3OO second-feet. The intake ' to the outlet  worke is 
located approximately 1 mile u p s t r e k  f r o m  the 8am embankment and by 
lrmsking use of a "hairpin" bend -in the  river, flow f m m  the  out le t  works 
re-enters the r iver  channel approximately 3 miles downstreem iromthe 
dam, Figure 2. 

The outlet  works tunnel, which Is circular  with a diemeter of 
21 feet ,  branches approximately 2,200 feet downstreem from the In le t  
structure and supplies water to  both the powerplant and the outlet  works, 
Figure 3. The outlet  works branch -her divides into three 12-fwt- 
dismeter circular coluluitrs. Flow th'rough the  outlet  works is controlled 
by three regulating gates, each 7 fee t  3 inches wide by 7 fee t  9 inches 
high. 

The mdel studies discussed in t h i s  report were necessary t o  
study the s t i l l i n g  basin perfomanbe and the flow conditions in the 
branching conduit8 for  final operating and diversion conditions. 

'THE 1:24 WDEL 

The model of the outlet works was built t o  a geometrical scale 
.of 1:24 and included the t r i furcat ion -fold which distributed the flow 
t o  the  three high prerrsure s l ide  gatei, the gates, the chute and stilling 



upstream from the manifold was pdt imdelek. siGq , th i s  portion cif .the 
conduit flows under pressure where no hydra+ic pz*oblems are anticipated. 
The conduit upstream from the aasnffold was 'represented by a 20-foot 
length of pipe 8 inchee in  diameter. A -4-vane flow straightener,, 4 fee t  
in length, was placed i n .  the upstream end of ' the 8-inc.h pipe t o  evenly 
distr ibute the flow before entering the ,manifold. ' . i .  

* .  . . + 

The manifold and outlet  pipe transltions'~er~~.laccwately 
fabricated f r o m  sheet metal t o  represent t5e  prototype. However,. since , 
no detailed test ing of the flow in  the gates was contemplated in th l6  
study, a s l ide gate with a leaf  not t o  scale was used t o  obtain a 
representative -flow, pattern entering the st f l l ing  Ibasin. 

A rire of four piesometers was placed *in in 8-inch pSp,  
1 di~mster upst~mam from the manifold, t o  .measure the presgnrre head 
i n  the outlet pipe. In addition, piesometera were placed at varloue 
points i n  the manif old, and ,in .the circular ,and rech&~r-eon&ita 
inmrediately ,upsatreem .from the gates t o  msrsurs pressures in the 

i .  . . 
sy*. 

** ' 

The chute and .s t i l l ing 'basin were constructed of 3/4-inch 'ply- 
wood while the t a i l  box was constructed of lumber .and lined w i t h  sheet 
metal. The outlet  channel .and topography &wnstream from .the s t i l l i n g  
basin were formed from r iver  sand t o  provide <en erodible .bed for  .erosion 
studies. The tai l  water elevation in %he outlet  channel was con$rolled 
by means of a ta i lga te  a t  the downstre'k end of the t a i l  box, 

C 

TEE IlOVESTIGATION 

General 

The model wae.constructed primarily t o  st* the performance of 
the ' s t i l l ing  basin. However, it was the  opinion of the  laboratory tha t  
a t  $east a portion of the manifold should be constructed to  obtain a 
representative distribution'of flow entering $the s t i l l i n g  basin. 'There- 
fore, the m i f o l d  letitding t o  the regulating gates was included fn3 the  
model. The preliminary kstudies on the model indicated that, in -addition 
t o  the inveotfgatlon of the s t i l l i ng  basin performance, certain features 
of the magifold design also should be investigated t o  improve the flar 
distribution and overall  hydraulic performance of the manifold. 

The characteristics of the .flow in the .manifold were eva l a t ed  * A 

by means of velocity measurements piezometers locate& a t  selected 
points in  the system of conduits, bends, and transitions.,  .Action .In ,the 
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s t i l l i n g  basin was evaluated by means of erosion t e s t s  and visual 
observations of the s t i l l i n g  action i n  the basin. The e r o s i ~ n  t es t s ,  
which were especially helpful i n  determining the size, spacing, and 
location of the baffle piers, were made by operating the model for  a 
time period equivalent t o  approximately 3 hours'prototype. 

I n  general, the studies of the flow i n  the manifold and i n  the 
s t i l l i n g  basin were conducted a t  the same time by recording t e s t  data 
from both regions of flow. However, changes in the manifold arrangynent 
affected the performance of the s t i l l i n g  basin and extensive 6tudies of 
the s t i l l i n g  basin were made only a f t e r  the design of the  manifold was 
concluded. After the s t i l l i n g  basin studies were completed, the gates 
and transitions were removed t o  study the flow distribution and s t i l l i n g  
action for  diversion flows which w i l l  occur only while Glendo,Dam is 
under construction. . 
Transition Studies 

Preliminary. I n i t i a l  studies on the preliminary transition 
between the circular conduit,12 f ee t  i n  diameter,and the rectangular 
conduit, 7 feet  3 inches wide by 7 fee t  9 inches high, immediately 
upstream from the control gates shoved a region of low pressures i n  the 
vertical bend immediately downstream from the transition, Figure 6. . . 
Five piezometers, located a t  the top, sides, and bottom of the rectan- 
gular conduit, indicated pressures from 12 t o  21 fee t  of water below 
atmospheric when the gates were 100 percent open and discharging 11,200 
second-feet. The pressures remeined below atnoospheric, although t o  a 
lesser  degree, as the discharge was decreased t o  6,000 second-feet with 
the gates 100 percent open. However, reducing the? gate opening 8 t o  10 
percent resulted i n  pressures atmospheric o r  higher f o r  the entize range 
of discharges. The fac t  tha t  atmospheric o r  higher pressures were 
observed a t  partial gate openings indicated that the downstream g=te 
frame w i t h  flared walls acted.as a diverging tube, reducing the pressure 
in  the conduit when t h e  gates were fully open, A t  partial gate openings, 
the downstream frame no longer flowed f u l l  anil the pressure i n  the 
conduit rose t o  atmospheric o r  higher. 

From the above analysis it appeared the low pressures observed 
a t  near maximum discharges and f u l l  gate opening could be reduced ei ther  
by raising the soof of the downstream gate fmme t o  aerate the .surface 
of the j e t  o r  by substituting para l le l  walls fo r  the f lared walls i n  the 
downstream frame. The latter solution was chosen fo r  testing. 

Recommended transition. In addition to the  change in  the walls 
of the downstream frame, mentioced above, the shape of the t ransi t ion 
was al tered t o  eliminate the hunp i n  the invert of the conduit and pro- 
vide a more gradual t ransi t ion l?rom the cfrcular t o  rectangular conduit, 
Figure 7. 
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piezometers and was tested with both para l le l  and f l a r e d - d s  In  the 
downstream gate frame. With flared walls, the obeerv'ed pressures i n  the 
t ransi t ion for maximum discharge at 100 percent opening varied .from 11 
fee t  below atmospheric t o  9 feet  of water above atmbapheric,'Figura.7. 
Thus, pressures in Transition B were about 10 fee t  higher than those 
observed in the preliminary trans+tion iudicating that Transition B was 
the better design hydraulically. Psmrllel.walls In the domatrear frame 
were then tested. A t  f u l l  gate opening b d  nurximum dlischrxrg@, all I /  

observed pressures were above atmospheric and varied fron 3 fee t  of 
water at Piemmeter 4 t o  26 feet  a t  Piezometer 10. 

Because preasures observed i n  Transition B were a b u t  10 fee t  
higher than those observed in the preliminary traneition, Trene1t:Lon B 
is recommended for  construction. In addition, it is recommended that 
the downstream gate ,fi8ane be designed with para l le l  wail8 t o  further 
increase the pressures in the  traneition. 

Stilling Basin Studies 

Prelimirwmy design. Teete were mule i n i t i a l l y  on the p:re- 
liminary design which is shown i n  Figures 4 and gA. In general, ithe 
operation of the  structure was unssrtiefactory. A t  the ~ r m r  dischapge 
6f 11,200 second-feet with the gatee wide open t h e  dietribution o:P flaw 
i n  the sti3;ling basin WELS poor. .The r ight  gate CLischargesapproximately 
10 percent more uater thsrn ei ther  of the ether two gatee, Figwe 15B; the  
hydraulic jump appeared drowned; and the bulk of the flow rsmsineci near 
the f b o r  of the baein with very l i t t l e  ver t ica l  distribution.. When 
one gate was closed, the dead water downetremu f r o m  the closed eja'te 
folded over the top of the Jet  from the w e c e n t  gate causing a ecevere 
eddy i n  the bnsin. 

Reeults of the  erosion t e a t  at maximum diecharge on the pre- 
l i m i n m  design is, skown i n  Figure 5C. The deepest .scour pocket formed 
a t  the Cownstreram end of the left training wall where the channel eroded - 
t o  elevation )A72 fee t  and expoeed approximately 7 fee t  of the downetretm 
cutoff w a l l .  

Several exploratory tee te  were xn&le using chute block6 and 
baffle piers, varying from 3 t d  6 feet in height, on the stilling basin 
floor. The baffle piere helped materially in reducing the turbulence a 

and surges in  the basin. The improved s t i l l i n g  basin operation m e  
evlitenced by bet5er flow aPetribution across the baain width an8 by a 
reduction i n  the  dentfl. of eroaion i n  the charmel. v 





optimum stih,ng basin perfonwnce. The chute .blocks tested varied from 
3 t o  7 feet in helght sad fram 3 t o  5 fee t  wide; the baff le  piers  ran& 
f& 5 t o  8 fee t  i n  height and f r o m  5 t o  7 fee t  wide. 

Table 1 shows the data for some of the more important chute 
block and baffle p ier  designs tested. In  general, the preliminary chute 
blocks (3 fee t  high and 3 fee t  wide, Figure 4) were too smslb and the  
t e s t s  showed that  a block 5 fea t  wide and 7 fee t  high was required t o  
distr ibute the f l aw  vert ical ly and t o  adequately ra ise  the Je t s  off  the 
f loor of the! s t i l l i n g  basin. When the height$of the block was raised 
above 5 feet,  it was found desirable t o  slope the  top of the chute block 
upward in the downstream direction. The sloping top reduced the  length 
of the block and, more importantly, increased the efficiency 'of the chute 
blocks by deflecting part of the j e t  in an upward direction. 

The exploratory baffle p ier  t e s t s  on the preliminary design 
shared tha t  6 baffle piers, 5 fee t  6 inches In  height, were required t o  
effectively distribute the flow in the s t i l l i n g  basin when used i n  
combination with chute blocks up t o  6 fee t  in height. Baffle piers  higher 
than 5 fee t  6 inches i n  height caused a rough .water surface and consld- 
erable surging i n  the basin, Table 2. To determine the best location of 
the  baffle piers  i n  the s t i l l i n g  basin, pressures on the face o f t h e  
piers  were observed with the piers 5 t o  30 fee t  downstream from the toe 
of the chute. Results of these tes ts ,  using square'baffle piers  5 fee t  
6 inches on a side, are shown i n  Figure 9. The pressure on the  t e s t  p ier  
varied from a maximum of 83 feet  of water a t  a distance of 5 fee t  f r o m  
the  chute t o  a minimum of 42 fee t  of water a t  30 fee t  from the chute. 
The curves shown in  Figure 9 indicate that  the piers  could be placed 
from 15 t o  25 fee t  from the chute with moderate impact pressures on the 
face .of the piers. With t h i s  range of distances established, the exact 
location of the baffle piers  was determined t o  be 20 fee t  downstreem 
from the chute by erosion t e s t s  and. -visual observations of the stilling 
basin performance. 

!I 

Figures 5C and 10A and B show typical  eroeion patterns obtalnefi 
fo r  the more important p ier  designs fo r  the maximum dlschsrge of 11,200 ,) 
second-feet. The leas t  erosion was observed fo r  Design 24, Figure 10A 

l and Table 1. However, the erosion patterns for Designs 1-A through 4 4  
were obtained with the preliminary t rsns i t ion  instal led upstream from 
the gates. When the recommended transi t ion was installed, the .dlstribu- f 

t i on  of flow through each gate was changed and>= entirely different 
- erosion pattern was obtained with more scour occurring a t  the downstreem 

end of the training walls. By comparing Figure 10B and C, it can be 
seen tha t  the maximum depth of erosiou increased f r o m  6 fee t  wPth the  
preliminary transi t ion t o  11 feet  when the recommended transi t ion was 
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installed. The change In transltlon deelgns, with the attendant ' 

redistribut;ion of flow through the! gates, ~ c e s e i t a t e d  further 'stUdles 
with chute blocks and baffle piers. 'Re~ults:of;thege"additlonal etudies 
showed that chute blocks -5 feet  wide erid '7-feet high 4and%&fle piers 6 
feet  6 inches. wide 'atid 8 ;feet high -were .required *for adequate sf i l l ing 
bash perfonnsnre and* midimum. erosion. ;Although the nmxhm depth of . ? 
scour occurring. at the doks t rem ends of the t h i n i n g ' w c s l P s ~ . ~  .greater ' .  

than the' depth of s cok  obseruedawith~Desi& 24, the total material 
eroded was less using Design , H i  thari.Design -2-C. .Alee, the mmdmum 6b 
depth of scour was only 3 .feet when the di(~charge h e  reduced t o  10,000 - C 

second-feet . Theref ore, Design $E f s mcommended. ). 

It 11s planned t o  place .riprap, 3 feet  'in thickness,. in'the i 

outlet channel .for a distance :of' 65 feet downstream 'frosl the stilling 
L 

, . 
basin, Figure 3. Emsion~ t e s t s  were made tiith t a ' layer of gravel, .ha* 
a maximum nolplinal diameter of ' 1 4 2  inches :(or, 36 'inches prototypti) , 
placed in the outlet .chaunel to .  represent the riprap. After operating 
the model at maximum 'discharge -for a period of .time .equivalent t o  30 
hourst prototype, there was no apprcciebble movement of the riplrap. 

Erosion studies w e r e . d e ~ w i t h  two:eizes of end sills, 3 and 
5 feet in height. The .erosion ;patterns were ~practlcally the ser~e ,for 
esch of the sills. 'Thereyore, the preliminary end sill, 3.feet  in 
height, is :recommended :for .construction. ; 

The prelbabarg burin design: hcluded t&ning wal ls  w i t h  
divergence of '80 extending l4:f eet 6 inches ddtrupum $from the gates, 
Figum b. With the flared dawnstre& gate fram, the 'distribution of 
f l m t r ~ a  very good and the ' je ta  folloared.the diverging t r a i n h g ~ ~ u ~  
Figurn 5. Mhen 'the flared walls.liri,#e dmnstmam;gate tram mrs MD- 
plsr~z2 72th parallel w a l l s ,  the  model was f iratv,,aperahd without . 
g i n g  training walls dormstream f r o m  the, gate .f rune. ' 'Under thie condf- 
tion, .reverse flow f.mm the stilling baain backed w, sibs' of 1 
the ' j e t s  and caused considerable splash and a pulsating action t o  occur : 
where the je t  and the reverse flow rmst. 

To improve these undeeirable flow conilitione, t r o h l n g  w 8 l . U  t .' . . 
w i t h  an 8' divergence and sfmilsf t o  the grellmlnary dee ie ,  Bigum'4, 
were installed in the. rindel. Although :the flow did not- folhw ,the 

' 

diverging training wallrr, the .walls, prevented the,  reverse flow from 
intercepting the Jets and noticeably ,reawed Lthe amount ,of  plash, 

4 i 
' . 

'_ C 

I n  a discussion with the be signer^; ..it was decided .cont%nue 
.the parallel walls downatream t o  s vePt;lcal..lirPa 1 ioot down&treQB ,fWm . 

r . the top of the gate frame, Figure 11. By thus ex$ending t h e  psrcrllel 
' . 

walls, costly warped walls are ellmlnated. ,The above tralnlng w a l l  C .  
r . 

" ,' 

. d( * 

// 
I :  
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-nt, wh;tch is recommended, mrs not tested in the -1. -ever, 
became the degree of di.vergence : i s  Ancreased only fm #El0 t o  loe,, it is 
believed the reconmended diverging W d l 8  . W l l  -perform equally as -wen ae 
the walls ter~ted b the nrodel. 

REC- ESIQBl 

The recoametded design f o r  the ,outlet worke, ek lved  frma the ' 

model studlies, is shown in Figure 11. This design includes the transi- 
tion, shown in Figure 7, downstrean gate frame with parallel walle, 
chute b ~ c h  5 .feet wide and 7 feet high, baffle piers 6 fee t  6 Inches 
wlde and 8 feet high, dividing walls separating the flov into 3 bays, 
and Basin 2 wlth a length of '72 feet 6 inches. Figures 12 and 13 show 
in more .&tail the transition, diverging -walls, and stilling basin. 
developed fromthe atudy. 

Figures 14 through 16 ehsw the operation of the reconaPended 
d e s i ~ p ~  for maxlmm diechaFge through one, two, or  three gates. In 
general, the best stWw basin perf6mame occurs when rele-8 are 
made throw. three gates opened an e . q d  w u n t .  Uaaer these .conditione, 
the distribution of f low is more unlform and the Arll width of etilllng 
basin is utilized. The poorest.operation was observed when only one 
gate is operating, Figure 16. The flaw Ps rough and concentrated in a 
portion of the basin. Boils extending into the outlet channel are 
prevalent. Therefore, only under energency con&tions should large 
releasee be made through one gate. 

. Considerable data was obtalned from the model t o  evaluate the 
recommended design and t o  provide a comparison with bata obtained la te r  
from the prototype - structure. 

Reesures - 

Chute blocks. A t e s t  chute black was equipped : ' l th  eight piem- 
meters and plirced i n  the center of the right b8y. The location of the 
piezometers on the t e s t  block and the pres8ures observed for  sr range of 
discharges through one, two, and three gates are shown in Figure 17. 
With three gates discharging in the range of flats .of 10,000 .to 11,200 
second-feet, the observed pressures on the t e s t  block were a p p r o ~ t e l y  
atmospheric or  higher. .The maximum observed pressure was' 16 feet  ,of 
water above atmospheric at Piezameter 1 and the lowest pressure for three- 
gate operation was 1 foot.belav atmospheric observed a t  Piezcweters 7 and 
8. 



With the center gate closed and-t and l e f t  w e e  Us- 
charging 8,600 second-feet, the ,pressures . on the chute block 
nmged- from Il -feet of water above atnrospheric at' Piemmeter 1 t o  5 feet  
below atmospheric a t  Piezometer 8. 

The lowest pressures on the test block wCre observed when the 
center and l e f t  gate were closedland the right gate was discbarging the 
maximum flow of 4,600 second-feet; a pressure of 13 feet  belcm a . 8 -  
pheric was recorded a t  Piemmeter 8. With a normal. disctksrge of 3,800 
second-feet through the right p t e  the pressures incressed 1 t o  6 feet; 
the lowest prGsslu'e, 10 feet  of water below atmospheric, wss a @ n  
observed a t  Fiezometer 8. 

All the observed ,pressures were above the -cavitation r8nge. 
Because negative pressures were observed only.for one- and two-gate 
operation, an emergency operating condition, it Is believed the chute 
blocks are adequstely desieped against cavitation. 

J: <, 

Baffle piers. Pressure data for operating condi%bns similer 
t o  those used in the chute block eests  were also observed on the baffle 
piers. Figure 18 share the location of the 12 piezoneters on the :$eat 
pier and the observed pressures for  different operating conditions. 'The 
t e s t  pier was located i n  the right bey and t o  the  lef t  of the center 
line. 

The -imum pressures were observed at  Piez-ter l t ~ n  the 
face of the pier and varied from 40 t o  71 feet of iyater above a-8- 
pheric depending on the operating condition. The lowest pressures, 
varying f r o m  approximately atmospheric pressure t o  20 feet  belqw atnros- 
pheric, were observed on the side of the pier at Piemmeter 2. Bowever, 
the e x t r a e  l o w  pressure of minus 20 feet  was observed only when the 
maximum discharge of 4,750 second-feet was releasea through the right 
gate; for two- and three-gate operation a t  mudmum flaws, the observed 
pressures were approximately atmospheric or higher. Therefore, exceyt; 
for nmxlmm flar through one gate, no adverse pressures are expectea OD 

the beff l e  piers. 

,Right training wall. A check was also made of the pressures 
along the right tralning wall lmmedlately dawnstream from the right 
chute block. Reseures were observed at points 2, 4, snd 6 feet  .cpbow 
the basin floor. The following table lists .the pressures. i n  feet  of 
water observed for different  gate combixmtions at m8ximm Pa: 
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Piezorne ter: Elevation of: discharge +in second-feet 
No. .: piezometer : 3 :: 3 - . 2  "1 

: 11,200 : 10,000 I-~;800I4,750 . 
' . . . 

1 : 4485 : 6.5 : 4.5 : 10.0 : 8.0 
: ' 

2 : 4483 : 12.5 : 9.0 : 12.0 .: 9.5 . . 
3 : 4481 : 16.0 : 10.5 : 13.5 : 10.0 

For a l l  operating conditions the pressures were.wel1 above 
atmospheric. 

Jump-sweepout Data 

To determine the adequacy of the depth of the s t i l l i n g  basin, 
jump-sweepout curves fo r  one-, two-, and three-gate operation.were 
obtained from the model. "~ump-sweepout" i n  t h i s  study i s  defined as the 
t a i l  water elevation a t  which the entering f l o w  ceased t o  flow ,through 
the s t i l l i n g  pool but was  deflected upward at the baff le  piers. Although 
the water surface is rough with the flow deflected upward, a pool remains 
i n  the s t i l l i n g  basin and the s t v c l x r e  could operate under sweepout 
conditions fo r  short periods of t'ime without endangering the  structure 
o r  causing excessive scour. However, pressures on the chute blocks and 
baff le  piers would no doubt reach the  cavitation. range. 

Fi,gure 19 shows the  resul t s  of these t e s t s ,  in the form of 
curves, along with the normal t a i l  d t e r  curve. The juap w i l l  remain i n  
t h e  basin fo r  tail water elevations 1 t o  5 fee t  below normal when two o r  
more gates are operating. With only the  r ight  gate operating, the jump 
w i l l  sweep out for  discharges above 4,250 second-feet; w i l l  not sweep out 
for  lesser  flows. Performance with the jump swept out is  shown i n  
E'imre 16~. The wsxiulu~l discharge of lr,700 seccnd-feet m y  be released 
through ei ther  the center o r  l e f t  gate without the jump sweeping out at 
normal tail water, Figures 163 and G. 

The sweepout curves emphasize the need fo r  using a l l  three 
gates when releasing flows through the out le t  works. I n  the  range of 
discharges from 3,000 t o  8,000 second-feet, releases can be made 'through 
three gates with the t a i l  water 1 t o  4 fee t  lower than similar releases 
through one or two'gates without the jump sweeping out. 
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W e r  the ~ u t l e t ~ w o r k s  studies were completed, the outlet pipe 
transitions and ell& gates were renioved f r o m  the'mpdel t o  etudy the 
f low conditions t o  be e,$mctsd awm the diversion pergob. Excep't for 
the second stage concrete, shown ,in ' ~ i g u r e  12, the outlet works stilllw 
basin w i g  be comipleted'prior t p  di.vertipg tk? ,river flow through Lize 
outlets. F i w  24A ~ b w e  the arrwement of the model for the 
diversion studies. 

Prel- testa with diver8ion flows s-ed the operation of 
the s t f l l ing  &sin do be very poor. Prdprtionstely more of the flow 
was concentrrrted in the right and l e f t  brqches of the outlet works; a t  
maximum diechar& of '10 j0q0 sec0p4~?f~t ,  l i t t l e  s t i l l l ng  action took 
place b e c a ~ q  the  fw paseed 0ve.r the pool surface and failed t o  pene- 
t ra tq  t h e  ' s t i l l ing pool, Figure 24~. The aupunt of flow through each ofc 
the outlets was erratic, depending on,whether the l e f t  conduit flowed 
f u l l  :$r gartially full, Fi&e ,24~.  ' The right outlet always flowed Ail1 
at new mm~imum cjischarges tihi&. th& 'center outlet always flowed par- 
tially f u l l  e d  the left ouklet f-ed full or part ial ly full, depending 
on the te i lwkter  elev+tion. .Opqe the l e g  outlet flowed f u l l  it 
continued t o  flow full even fdr below qoarmel tail water elevations. 

This e.+tic flow had rs propoupced effect on the pressures in  
the mqnifold, Eigure 2%. When the l e f t  outlet flowed full,, the preq- 
s u e s  at Piezometers 7 a+ 8, in the &eft branch dropped t~ a minimum .of 
24 'feet beW atmspw.ric. The pr,e,ssures rose 15 to-24 feet  when the 
lef't outlet flowed pt&ially full. 

V i s u a l  observations of the f low enter- the stilling basin 
indicated that more flow was discharging f r o m  the right outlet than 
from either the center or left outlets, Figure 24~. To distribute the 
f low more evenly and to induce the floy t o  penetrate the s t i l l ing  -1, 
a constriction was placed at the end of the right outlet, Figure 25. 
The constriction was a flat' plate covering the upper 3-foot segment of 
the outlet. The, constriction ~ distributed the flow m r e  equally between 
the three outlets, but at tiny8 the flow f r o m  the lef't outlet did not 
penetrate the pool. The low& pressure, 15 feet below atmospheric, 
was .observed ia the l e f t  branch d e n  the l e f t  outlet was flawing full ,  
Pi- 25B. 

Constrictions then ve,q.e placqd on. both the right and l e f t  
outlets t o  further Improve -the stilliqg bash performance, Figure 26. 
The constrictions made! the brain mre effective by directing the flow so 
t h a t  it penetrated the atilliq,pl, Figure 26A. Although the right 
outlet was passing more ilow than either of the other outlets, the 
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Report Hyd-41 

A. Dividing walls extending to 
toe of 12O 30' slope. 

B. Dividing walls extending 11 feet 
downstream from toe of slope. 

GLENDO DAM OUTLET WORKS 
Flow conditions with two lengths 

of dividing walls 
Q = 7470 cfs through right 

and center gates. 
1:24 Scale -Model 





A. Block andl Pier Design 
2-C (Table 1). 

B. Block and Pier Design 4-C . 
with preliminary transition. 

C. Block and Pier Design 4-C D. Block and Pier Design 5E 
with recommended transi- (Recommended). .. 
tion. 

GLENDO DAM OUTLET W O R ~  
Chute Block and Baffle Pier StudLes (see Table 1) 

Erosion after Discharge of 11,200 cis. 
1:24 Scale Model 









Mhximum discharge of 12,380 cfs through three -tea. 

Normal discharge of 10,000 d s  through 3 gates partly closed. 

Normol discharge of 3,800 cfs through right gate fully open. 

GLENDO DAM OUTLET WORKS 
Operation of Recommended Stilling Basin 

1 :24- Scale. Model 



Discharge of 8,300 cfs through right and center gates. 

  is charge of 8,600 cfs th,rough right and left gates. 

Discharge of 8,700 cfs through center and left gates. 

8 

GLENDO DAM OUTLET WORKS 
Operation of Recommended Stilling Basin 

1:24 Scale Model 



A. DLchPrge of 4,600 cis through right gate. 

B. Discharge of 4,700 cfs through center gate. 

C. Discharge of 4,750 cfs t h r ~ ~ h  lOf t  a t e .  
-- 

GLENDO DAM OUTLET WORKS 
Operation of Recommended Stffling Basin 

1:24 ScPre Model 









__---- =For.dischorge of 12350 c f s  through-thme.rgates (Fully:open) - 
-.---. For dischoqge o f  l0,ooo c.f.s.through thcee *gofes (Partially,closed) 
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WATER SURFACE( PROFlLES.ALONG-R1OH.T TRAINING ,WALL 
RECOMMENDED .DESIGN 
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GLENDO DAM OUTLET WORKS 

WATER SURFACE PROFILES ALQNG RIGHT TRAINING WALL 
RECOMM EN OED :DESIGN 

. J .  

. 1 :  24 SCALE MODEL 











A. Constrictions onright aud left autlat8. Dimcharge = 10,000 cl.. 

B. With no constrictions on outlets. C. W i t h c a m t r t c ~ o n ~ a n d  
left outlet (R8conund.d). 

GLENDo DAM Om- WORK8 
Diversion Studies 
1:24 Scale Model 





A. Q = 10,000 C. f. S. Center B. Q = 6,000 cia. C& 0utl.t 
outlet flowing full. -P-U 

> ,  

Center outlet flowing full. M e r  outlet llarkrq part- 
iuU 

GLENDO DAM OUTLET WQRE131 
Mversiom Studh 

Stilling baain p e x - f o ~ c a  KW ~ ~ e a d a d  
constrictha an right urd left outlets 

1:24 W e  Model 


